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METHOD AND APPARATUS FOR TREATING PULP 

The present invention relates to a method of and apparatus for treating chemical P ul P to 

optimize the consumption of bleaching chemicals and improve the quality of the pulp. 
Especially the invention relates to a method and an apparatus, by means of which filtrate 
obtained from a suitable washing stage of brown stock preferably produced by an alka- 
line cooking process is treated with an oxidizing chemical prior to the oxygen stage 
following brown stock washing. 

In the oxygen stage carried out in medium consistency range, the amount of filtrate per 
one kg of pulp is 6 - 9 kg, and thus the properties of the filtrate have an essential effect 

on reactions which the pulp is subjected to in the oxygen stage, as also in the bleaching 

later on. So, the properties of the filtrate surrounding the pulp may have a significant 

effect on the chemical treatments carried out on pulp and also the disadvantageous reac- 
tions that the pulp is exposed to. 

During the cooking, great amounts of organic material, mainly comprising lignin and 
carbohydrates originating from hemicellulose are detached off the wood fibers. Each of 
these organic materials has a chemical composition of its own as a result of the cooking 
conditions. When passing to the washing and the oxygen stage, these organic materials 

are carrying chemical compounds and end groups, which react with e.g. ox yg en and 

peroxide. Thus, compounds practically inert in cooking conditions are reactive in new 
chemical conditions. 

In most cases the oxygen stage is connected according the counter-current washing prin- 
ciple so that the object of the so-called brown stock washing located between the cook 

and the oxygen stage is to replace the liquor passed from the cook with the pulp. This 

liquor may be referred to e.g. washing loss and/or COD-load and is obtained as filtrate 
from said last washing stage, with filtrate obtained from the washing in the oxygen 
stage. The latter filtrate has passed through the oxygen stage with the pulp and due to 
that has an almost insignificant chemical potential to react with the chemicals in the 
oxygen stage, so that the chemicals may be used specifically for the desired reactions 



with the pulp. Nevertheless, some amount of black liquor components is always passed 
through the washing, which components play a different role than the oxidized filtrate. 



In this connection, the oxygen stage refers to an alkaline stage carried out pressurized in 

the pressure range of 1 - 17 bar (abs.), and pH-range of 8.5 - 14, k which stage oxygen 

is present around the fibers at least part of the reaction time. The oxygen stage may have 
one, two or even more steps, whereby each reaction step comprises a reaction vessel or 

reaction retention effected with a tube. In practice, reaction step refers in this connection 

to adding and mixing some chemical used in the oxygen stage and the following reten- 
tion at the tube portion. A reaction time short when practiced may thus in mathematical 
modeling lead to oxygen stages having four or even five steps. Reaction retentions are, 
depending on the applied method, from 0.1 min to 120 minutes, as the reaction retention 

is dependent on the desired type of reaction. In this connection, the oxygen stage is 

identified by a washing stage both prior to and after the oxygen stage and the fact that 
from the filtrate obtained from the washing after the oxygen stage usually at least part or 

all the filtrate is introduced to the washing prior to the oxygen stage to be used as 

washing liquid, so that the oxygen stage is connected countercurrently either completely 
or at least partially. 



Most usually, oxygen and alkali and possibly some inhibitor preventing the deteriorating 

effect of metals on fibers is dosed into the oxygen stage, or the metals travelling with the 

fibers are otherwise removed or made non-reactive. The alkali charge is usually 1 - 60 

kg admt (air dried metric ton) pulp and the oxygen charge 1 - 50 kg/ADMT pulp. The 

alkali that is used is most often sodium hydroxide or oxidized white liquor, but in prin- 
ciple all alkaline compounds containing OH-ion are alkalis which might be used in 

some conditions in the oxygen stage. The oxygen is dosed in gaseous form, the oxygen 

content most usually being 75 - 100% of the specific weight. The temperature in the 
oxygen stage is 70- 120 °C and in most cases 80 - 105 °C. The temperature may be 

raised utilizing some suitable steam having a pressure of 0.5 -20 bar and hot water ei- 
ther via washing or dilution. The steam may be used for heating either mixed directly 
into the pulp or indirectly. 
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AS tO reaction kinetics, the Oxygen stage is carried out so that raising the temperature 
and increasing the alkali charge lead to acceleration of the delignification reaction. The 

oxygen charge, in turn, is mainly not effected without increasing the amount of alkali 

The suppliers of the oxygen stage have their own opinions about which variable is de- 
terminant in different steps and thus each supplier regulates the chemical and tempera- 
ture profile according to his own desire. Nevertheless, as to reaction kinetics, in all ap- 
plications the kinetics of temperature, oxygen and alkali follow one and the same basic 
principle. 



According to our studies, the chemical reactions of the oxygen stage as a whole proceed 

essentially so that part of the oxygen reacts directly with the lignin compounds of the 

pulp and splits lignin by means of a direct reaction. Oxygen in itself is a selective 
chemical, which does not split carbohydrates. But in alkaline conditions part Of the OXy- 
gen converts to peroxide which is very quickly decomposed to hydroxyl radicals by the 
effect of e.g. black liquor compounds originating from the cook. A hydroxyl radical is 
chemically very reactive, and the reactions thereof are not districted to reacting with lig- 
nin only, but it also causes splitting of carbohydrate chains of the pulp. Practice has 
shown that the selectivity or non-selectivity of a hydroxyl radical may be described e.g. 
so that a hydroxyl radical splits one cellulose molecule per five lignin molecules. In our 
experiments especially the presence of black liquor increased the degradation of perox- 
ide and, accordingly, accelerated the forming of hydroxyl radicals at the end of the reac- 
tion chain, whereby a bigger portion of the oxygen changes via peroxide to hydroxyl 
radicals and thus causes damages to the pulp. 



When elaborating the oxygen delignification following the washing of chemical pulp, 
the operation of the brown stock washing line, located in the process order prior to the 
oxygen stage, is usually determined so that the washing losses have to be adequately low 
before the oxygen stage in order to obtain a satisfactory selectivity. The term washing 
loss is used to refer to impurities remaining in the pulp despite the washing, which im- 
purities in this case comprise both different chemicals and organic materials dissolved in 
the liquid phase during the cook. Various producers of apparatuses have different opin- 
ions on an acceptable level of washing losses. Nevertheless, prior art has not earlier per- 
formed any systematic reporting about any chemical mechanism or reason to why dif- 



ferent washing loss levels have in different mills resulted in contradictory results con- 
cerning the effect of the impurity of the pulp on e.g. viscosity and strength properties of 

the pulp. This invention is based on extensive comparative studies, m which at least one 
significant reason for the quality losses of pulp has been determined and thus chemical 

reasons for quality losses of pulp found, According to said studies, the quality losses of 
pulp are generated as a result of the following kind of process: 

The conditions in the oxygen stage generate peroxide as oxygen decomposes in 

alkaline conditions. 

Peroxide decomposes to hydroxyl radicals. 

The presence of non-oxidized black liquor originating from the cook catalyses 
and accelerates the forming of hydroxyl radicals. 

- The hydroxyl radicals, due to their low selectivity, split cellulose molecules and 
thus cause quality losses. 

In mills especially the washing loss level varies, wherehy black liquor entering 
the oxygen stage in form of washing losses causes fluctuations in the quality. 

In our studies we have noted that if the filtrate surrounding the fiber is oxidized e.g. so 
that it has been separately oxidized prior to feeding it into the pulp in such a way that as 

much as possible of the liquor around the fibers is oxidized the strong catalytic effect of 
black liquor originating from the cook is eliminated at the same. When as much of the 
liquor in the pulp has been oxidized, the quality of the pulp remains higher. Especially 
after 20- 30 minutes the delignification proceeds selectively, even though the advantage 
of selectivity may be noticed right in the beginning of this stage, so that the oxygen 

stage may in every case be utilized in more efficient conditions than in cases where the 
cook-originating catalyte is present. 

Prior art knows a plurality of various applications treating the filtrates of the pulp manu- 
facturing process with an oxidizing chemical. In the methods of prior art, presented e.g. 

in patent publications WO-A-98/29598, EP-A-0 564 443 and FI-A-961856, the filtrate 

obtained from the washing following the oxygen/bleaching stage is treated with an oxi- 
dizing chemical, after which the filtrate is used as washing liquid in the wash preceding 
the oxygen stage. Fig. 1 illustrates as an example of prior art the solution of FI patent 
application 961856. The basic principle of the method described in said publication is 
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not to prevent organic loading from entering the stage, but to decrease effluents and en- 
sure the level of oxidizing in the circulating liquor. 

Most usually prior art methods have aimed at either removing heavy metals from the 
5 filtrate obtained from pulp washing by oxidizing in order to prevent said metals from 
hampering e.g. the peroxide stage, or at the common to close the bleaching system of the 
pulp mill. Said FI publication concentrates specifically on treating the filtrate of the per- 
oxide stage. It has been noticed that in some cases the brightness of the pulp is adversely 
effected when the washer following the peroxide stage discharges yellowish filtrate, 
1 0 which then is returned as washing liquid to the washer preceding the peroxide stage. In 

other words, the impurities causing the yellowish color, especially organic impurities, 
are recirculated back upstream of the peroxide stage. In the invention presented in said 
publication reveals that the yellowish color of filtrate/washing liquid may be eliminated, 
if the filtrate, or more exactly the organic impurities therein, are oxidized prior to re- 
15 turning it as washing liquid back to the washer preceding the peroxide stage. The publi- 
cation suggests exhaust gas of the ozone bleaching stage to be used for the oxidizing, 
which exhaust gas typically contains the oxygen acting as carrier gas in the ozone stage 
and some residual ozone. The method according to this publication is strongly related to 
TCF -bleaching and participates in eliminating many problems related to TCF-bleaching. 

20 

It is our understanding that in industrial solutions, separate treatment of the filtrates of 
the oxygen stage with a chemical has not been performed, though. There have often 
been various correlations on the effect of washing losses determined by COD (chemical 
oxygen consumption) analysis illustrating organic washing loss on the operation of the 
25 oxygen stage as well as the quality parameters of the pulp, but the information has often 

been contradictory to practical results ookined from me industry. Partly this is due to 
e.g. the fact that it is not possible to determine the composition and origin of an oxygen- 
consuming material from the results of the COD-analysis. 

30 Thinking back, in many solutions applying a two-step oxygen stage, the reasons stated 
experimentally in the first stage have lead to the aim of milder delignification properties 
without, on one hand, exactly knowing which chemical mechanisms that is based on 
and, on the other hand, what will be the effect of the different origin of filtrates in this 
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wholeness. Only experiments made in the mills have proved the solutions to be right. In 
practice, this has meant that the black liquor filtrate passed in form of washing loss from 

the cook into the two-step oxygen stage has first been oxidized around the pulp fibers in 
conditions moderate in view of temperature so that damages to the fibers have remained 
5 as small as possible. Not until after the above presented mild first step has it been possi- 
ble to arrange the conditions in the second oxygen step so that the pulp may be deligni- 

fied to a low kappanumber without adverse effect on selectivity. 

One observation from the experiments is that the oxygen stage itself also produces or- 
ganic compounds that have a similar catalytic effect as the cook-originating black liq- 
uor, but this chemical fraction may not actually be eliminated because it is generated 
into the process inside said process itself. 

Solutions presented in e.g. the following patent publications represent the above men- 
tioned two-step oxygen stages utilizing the oxidation of residual black liquor: 

In the solution according to US patent 5,217,575 describing a two-step oxygen stage, the 
required temperature difference between the first and the second step is over 20 °C so 

that the first step is carried out in a lower temperature, clearly less than 90°C. With this 
20 temperature difference, the conditions of the treatment stage are made non-advantageous 

for the actual oxygen stage, but based on our studies they are well suitable especially for 

the oxidizing of filtrates. In the modification of the two-step oxygen stage according to 
SE patent 505141, the oxidizing of filtrates has been solved by keeping the temperature 

in the first reactor, i.e. the first treatment step, below 90 °C, The solution according to FI 
25 patent publication 98224 is also aimed at the same goal. 

In all these solutions, the aim has been to decrease the catalyzing effect of the cook- 
originating filtrate on the decomposing of the peroxide compounds by dividing the oxy- 
gen stage to two or more steps and thus to improve the quality of the pulp. On the other 
30 hand, especially in old mills, installing an oxygen stage in the mill often leads to de- 
creased operation of the brown stock washing department, whereby the amount of cook- 
originating non-oxidized black liquor entering the oxygen stage is increased. In such 
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cases, quality losses caused by the oxygen stage have turned out to be unexpectedly 

great. In addition to that, the fluctuating running conditions of the brown stock washing 
department, due to e.g. various bottlenecks of the mill, and disturbances in washing 

conditions readily lead to increased washing losses and, accordingly, to quality losses of 

5 pulp. 

That is, all the above presented solutions handling with the oxygen stage utilize the 

treatment of the washing liquid of the wash preceding the oxygen stage, which washing 

liquid thus originates from the wash after the oxygen stage, with an oxidizing chemical, 
or the oxidizing of black liquor filtrate in a two-step oxygen delignification together 

with the pulp in conditions suitable for the purpose. These solutions have their prob- 
lems, too, e.g. handling the heat balance. Even without heating, the first reactor of the 

oxygen stage operates according to the balance at a temperature of over 90 °C and the 

requirement of a lower temperature of the first reactor results in the necessity of cooling 
the washing liquid of the washer preceding the oxygen stage. In such a case, the pulp 

must be heated after the first oxygen step using high-pressure steam. Heat obtained 

from cooling the washing water is difficult to recover in a form preferable in view of the 
operational economy of the fiber line. Additionally, the investment expenses and opera- 
tional expenses of heat exchangers are significant. The arrangement of temperature dif- 
ferences in pulp production also contributes to both the forming of precipitates and the 

generation of extractive problems. 

As the filtrate coming from the washing of the oxygen stage is already oxidized, the 
treatment thereof does not significantly change the situation anymore. That is why the 
25 oxidation should according to our studies be performed before the last washing stage 
prior to the oxygen stage, e.g. between the last and the last but one washing stages. In 
this way, pulp is bemg displaced by filtrate, oxidized in the brown stock washing, due to 
which the pulp is displaced by oxidized filtrate twice (the first being filtrate led as 
washing liquid countercurrently from the washer following the oxygen stage and the 
30 other filtrate oxidized in the brown stock washing), which results in a significant de- 
crease in the amount of cook-originating non-oxidized liquor. Separate oxidizing of liq- 
uor entering with the pulp is actually a modification of the oxygen stage, where separate 
oxidation of filtrates effects especially the properties of the filtrate travelling with the 
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pulp and enhances the access to the aimed benefits of the two-step oxygen stage. Oxi- 
dizing the liquid solution between the washers prevents non-oxidized filtrate from en- 
tering the oxygen stage also during disturbances. 

Thus, the present invention is based on the idea that filtrate essentially related to brown 
stock washing and the oxygen stage connected thereto is treated with an oxidizing 
chemical so that the aim is to shut off the black liquor flow entering with the pulp from 
the cook as washing loss in such a way that as much as possible of the black liquor flow 
travelling with the pulp in form of washing loss has been gone through an oxidizing 

stage prior to entering the oxygen stage. 

Our studies have brought to light many new ideas concerning integrating the oxygen 
stage between the cooking and the washing. It has been noticed that because the pulp is 
hot after the cooking, typically 75 -100°C, and amply of alkali is present around the 
pulp, the pulp is in those conditions subjected to reaction deteriorating the fibers. No 
special gas dosing is need for generating these reactions, but e.g. releasing pulp from the 
cooking to an atmospheric state is enough to cause damages. According to our studies, 

pulp that had been let to stand in black liquor solution at a temperature of 90°C in at- 
mospheric state under a cover was significantly deteriorated measured by viscosity, 
without any dosing of oxygen. Thus, alkali and cook-originating black liquor compo- 
nents in atmospheric state together with the oxygen of air are detrimental, so that the 
time between the blow of the cook and the oxygen stage should preferably be as short as 

possible. Accordingly, it is preferable to have directly after the cook e.g. a diffuser or 

DRUMDISPLACER® washer and that retention in all tanks before the oxygen stage 
have, especially in normal running situations, been minimized as efficiently as possible. 
The retention time between the blow and the oxygen stage feed might at its shortest he 
in the range of 1 - 15 minutes, by means of modern technology most probably around 
10 minutes and when effected by somewhat slower alternatives most usually less than 
60 minutes, i.e. in the range of 20 - 50 minutes. That would allow the removal of cook- 
originating black liquor with its solid matter as soon as possible from surrounding the 
fibers and replace it with oxidized filtrate originating from the oxygen stage. 
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Characterizing features of the present invention are described m more detail in the ap- 
pended patent claims. 

Utilizing the method and apparatus according to the invention, e.g. the following ad- 
vantages are obtained; 

The amount of black liquor catalyte entering the oxygen reactor is essentially de- 
creased. 

- The oxygen stage may be carried out in conditions where the portion of non- 
oxidized filtrate has been significantly decreased, whereby quality losses are de- 

creases. 

Uniformity of the pulp is increased, as the amount of cook-originating black liquor 
is reduced. 

The oxygen stage may in some cases be performed in one stage, because different 
conditions for oxidizing the material entering the oxygen stage as washing losses are 

not needed anymore, 

The strength of the pulp is increased. 

In the following, the method and apparatus according to the invention are described in 
more detail with reference to the appended figures, of which 
Fig. 1 is a schematic illustration of a prior art method, 

Fig. 2 illustrates a pulp treatment method according to a preferred embodiment of the 

invention, and 

Fig. 3 illustrates a pulp treatment method according to a second preferred embodiment 
of the invention. 

Fig. 1 is a schematic illustration of a prior art method of treating/bleaching pulp, which 
method is more precisely described in FI patent application 961856. The pulp is typi- 
cally kraft pulp, and the consistency thereof in pipe line 10 is typically about 6 - 18%. 

The pulp may alternatively be treated first in one or several first bleaching stage/s 11 

typically using chlorine-free bleaching chemical, preferably oxygen, and after that the 
pulp is washed in a first wash 12, wherein a first washing liquid is fed via feeding con- 
duit 13, and the filtrate is discharged from the wash 12 via pipe line 14. Filtrate flowing 
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in pipe line 14 may be used in earlier washing stages, or it may be treated and used as 
make-up liquid in other parts of the bleaching plant or pulp mill or treated in other ways. 

After the first wash 12, the pulp is led essentially directly into the peroxide bleaching stage 

15. Stage 15 may be either atmospheric or pressurized, and the peroxide used therein is 

typically hydrogen peroxide, the temperature and dosing of which is known or conven- 
tional. Typically also, the pulp is of medium consistency when being bleached in stage 15. 
After stage 15, the pulp is led essentially directly to a second wash 16 provided with a 
feeding conduit 17 for washing liquid and a discharge conduit 18 for filtrate. The washing 

liquid fed in conduit 17 may be fresh water or originating from a bleaching stage later in 

the process. Washes 12 and 16 may be performed utilizing pressing for increasing the con- 
sistency and/or they may be performed utilizing any applicable technique, such a dis- 
placement wash, drums, pressing and dilution etc. 

A second wash 16 may also be connected to all later bleaching stages. In one preferred 
embodiment of the method of FI application 961856, the ozone stage 19 is located after 
the wash 16 or prior to the wash 12 (in Fig. 1 after the wash 16). In the ozone stage 19, 

ozone-containing gas (e.g. oxygen having an ozone content of at least about 8%) is fed 

into pipe line 20, and typically thoroughly mixed into the pulp, whereby an exhaust gas is 
generated into pipe line 21. The exhaust gas is typically at a low pressure (e.g. about 2 bar 

or less), and the content of residual ozone is low (4% or less), typically about 1% or less 
(normally significantly less than one per cent). 

According to said publication, it has been noticed that the feeding of filtrate flowing in 
pipeline 18 into feeding conduit 13 of the first wash 12 as washing liquid has a disadvan- 
tageous effect on the bleaching. The filtrate flowing in pipeline 18 may be typically yel- 
lowish, and the yellowish color remains therein up throughout the peroxide stage 15. 
Normally the exhaust gas of the ozone stage, flowing in pipeline 21, is made to react 
catalytically in order to remove the ozone, because the passing of residual ozone to the en- 
vironment is not desirable. The gas flowing in pipeline 21 may also be purified otherwise 
prior to letting it pass to the environment. 
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According to said publication, it has further been noticed that the brightness of pulp may 
be remarkable improved in a bleaching system of Fig. 1 by treating the filtrate flowing in 

pipe line 18 utilizing a device illustrated in Fig. 1 by reference number 23. In the device 

23, the oxidizing gas is put to close contact with the filtrate flowing in pipe line 18, impu- 

S tities of which filtrate (typically organic materials causing the yellowish color, but other 

impurities also) are oxidized therewith so that the liquid fed into feeding conduit 13 as 

washing liquid is relatively pure. 

Nevertheless, the above presented as well as other publications concerning the oxygen 

«; 10 treatment of filtrates aim at improving the brightness of pulp, closing the bleaching plant 
q . and/or optimizing the chemical consumption in the bleaching plant itself. In other words, 

J] the treatment is mainly directed to those components in the filtrates, which have been dis- 

!: : solved to the filtrates from the fibers in the bleaching. 

Zj 15 Fig. 2 illustrates a pulp production process according to a preferred embodiment of the 

f i present invention. It comprises one or more pulp digesters 100, wherefrom the pulp is 

led directly or via a special blow tank to the brown stock washing plant 102 usually 

M comprising e.g. a one- or multi-stage diffuser, one or more DRUMDISPLACER© - 

washer/s or several drum washers or presses connected in series. Thus, the washers in 
20 this connection are understood to mean all devices based on dilution, thickening or dis- 
placement or the combinations thereof and washing is understood to mean methods used 

in connection therewith. After the washing department 102, the process most often 
comprises knot screening 104 and screening 106 and a washing stage 108, which is the 

last washing stage prior to the oxygen bleaching stage 110, which washing stage may be 
25 e.g. a drum washer or a press. Further it is worth noticing that what is significant in view 

of the invention is not the physical implementation of the washing stage, but only the 

result, which is not dependable on the washing method or apparatus used. In the method 
according to this embodiment of the invention, the filtrate of the press 108, being the 
last washing stage prior to the oxygen stage 110, of the screening department 106 lo- 
30 cated prior to the oxygen stage 110 is used as washing liquid in brown stock washing 
prior to the oxygen stage 110. The filtrate is most often introduced via a special filtrate 
tank (not shown), but in suitable conditions a filtrate tank is not inevitable. After the 
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oxygen stage 1 10, the pulp is washed by means of a washer 112, the filtrate of which is 

used partially or completely as washing liquid in the wash prior to the oxygen stage 110 

according to the principles of countercurrent washing. 

All that has been described in the above is in principle in accordance with prior art. A 

new solution presented is the treatment of filtrate obtained from the washing device or 
press 108 prior to the oxygen stage 110 either completely or at least partially in a sepa- 
rate process. According to a preferred embodiment of the invention, said treatment 
comprises a chemical conduit 124 connected either after the filtrate pump 122 or prior to 

it into filtrate line FL 3 in which conduit a required amount of chemical oxidizing the fil- 
trate is dosed into the filtrate, although in our experiments oxygen, hydrogen peroxide or 

a combination of oxygen and peroxide have proved to be preferable chemicals. Other 

derivatives of oxygen and peroxide are also just as suitable. Thus, e.g. Caron-acid or 
peracetic acid is a good alternative. The residual gas containing oxygen and ozone of the 

ozone stage is also well suitable for oxidizing filtrates. Further, considering the inven- 
tion in a broader scale, any oxidizing chemical may be considered to be used. In the em- 
bodiment of the figure, there is a mixer 126 arranged in the filtrate line FL after the 

chemical conduit, in which mixer the added chemicals are mixed under heavy turbu- 
lence. It is, naturally, clear that the chemicals may, if desired, be added also directly into 
the mixer 126 or pump 122 without a separate chemical conduit 124 arranged in the fil- 
trate line FL. The oxidizing of the organic material in the filtrate, which oxidizing is 
generated by the chemicals, initiates at the mixing point of the chemical, after which the 

liquid is taken preferably into a reaction pipe 128, which pipe may in some conditions 

be just a flow pipe and in which the oxidizing is allowed to proceed during 0.1-60 
minutes. When the filtrate is oxidized with oxygen, it is preferable that the temperature 

during the oxidizing is the same or higher than the temperature of the pulp at the oxygen 

stage feed. The non-reacted gas is removed from the filtrate by means of a gas- 
separation device 130 as efficiently as possible prior to leading the filtrate in countercur- 
rent principle to the washer 102. Preferably the washer where the oxidized filtrate is 
taken to is a washing device preceding the washing/pressing device prior to the oxygen 
stage. And more preferably the washing device just prior to the washing/pressing device 
prior to said oxygen stage. The filtrate line FL may further be provided with two conse- 



13 

quent pumpings, whereby the liquid after the reaction pipe 128 is released to atmos- 
pheric pressure, whereby the separation of gases takes place via a separate tank or pipe. 

In addition to the filtrate obtained from said washing device prior to the oxygen stage, it 
5 is also possible to, either in addition to the method described in the above or only, take 
filtrate to be oxidized from another washer between the cooking and the oxygen stage 

and return said filtrate oxidized preferably count ercurrently either to a washing device 
prior to the point where the filtrate was taken from or to a washing device further in the 
countercurrent direction. 

10 

The gas-separation may be effected by means of several types. As examples, the gas- 
separation tanks marketed by Andritz-Ahlstrom Oy under trade mark DECULATOR®, 
the gas-separating pumps marketed by Ahlstrom Pumps Oy under trade marks AIRSEP 
and ARP, various gas-separation cyclones and e.g. devices of the kind described in US 
15 patents 3,203,354, 2,747,514, 2,882,698 and 2,228,816 maybe mentioned. 

As to the treatment of the gas separated from the oxidized filtrate, according to a pre- 
ferred embodiment it is effected so that the separated gas or the mixture of the gas and 
foam simultaneously separated from the process is taken into a filtrate tank, in which the 
20 gas is furtker separated to he used in connection with other gas-treatment in the mill. 

According to a second preferred embodiment of the invention, shown in Fig. 3, the fil- 
trate fraction which is taken to a washer 1022 preceding the washer 108 prior to the 
oxygen stage to be used therein as washing liquid, is oxidized in a separate oxidizing 
25 apparatus 120, while the filtrate which is led to the screening department 106 to be used 

for dilution is left untreated. With this kind of connection, as little as possible of cook- 
originating non-oxidized material is introduced to be oxidized, but all the amount of 

washing water being used in the last but one washer 1022 is oxidized. In other words, by 
utilizing said solution the consumption of oxidizing chemical may be minimized. The 
30 filtrate oxidized in apparatus 120 displaces in the last but one wash 1022 the non- 
oxidized liquid in the pulp, whereby the pulp will be displacement washed with oxi- 
dized filtrate already before the last washing stage 108. After that the pulp enters the last 
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washing stage 108, preceding the oxygen stage, in which washing stage it is displaced 

by filtrate oxidized in the oxygen stage 110 together with the pulp, said filtrate being 

obtained from washer 1 12 following the oxygen stage. Utilizing this kind of arrange- 
ment, the cook-originating non-oxidized filtrate is both oxidized and displaced from the 
5 pulp as thoroughly as possible. 

The pulp is then led to the oxygen stage, where it is treated in e.g. the following condi- 
tions: pressure range 1-17 bar (abs.), pH 8.5 - 14, temperature 70 - 120 °C, most usu- 
ally 80 - 1 OS °C, and reaction time from 0.1 minutes up to 120 minutes. The charge of 
10 alkali to the oxygen stage is commonly 1-60 kg/ADT pulp and that of oxygen 1-50 
kg/ADT pulp. The raising of the temperature may be effected by suitable steam having a 
pressure of 0.5 — 20 bar. The oxygen stage may comprise one, two or even more steps as 
desired. The above described oxygen stage according to the invention is preferably both 

preceded and followed by a washing stage, Filtrate obtained from the wash after the 

15 oxygen stage, at least part thereof or all of it, is usually introduced as washing liquid to 
the wash preceding the oxygen stage, so that the oxygen stage is connected countercur- 
rently completely or at least partially 

In the following, some results of one of our test series are presented in form of a table, 
20 According to the table, the amount of non-oxidized material in the oxygen stage has es- 
sentially decreased. 

Table 1 illustrates the amount of cook-originating organic load measured by COD with- 
out a separate oxidation during the wash and with a separate oxidation. 

25 
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TaUe 1 

oxidation without 

wash, effic. prior to oxidation E10 12,5 

wash, effic. after oxidation E10 3,5 

wash, effic. total E 1 0 16 16 

COD from oxygen stage 28 28 

wash, effic. after oxygen stage E10 8 8 

total COD into oxygen stage kg/adt 95 97 

cook-origin. COD, kg/adt 5,5 23,2 

dilution factor t/admt 2,5 2,5 



Observing the results in the table, it is noticed that with separate oxidation of the fil- 
trates it is possible, depending on the washing efficiency of the last washer, tO Signifi- 
cantly decrease the amount of cook-originating non-oxidized impurities. Even the fact 
that although the exemplary case without oxidation is chosen so that the washing effi- 
ciency is high, the amount of impurities passing to the oxygen stage is remarkable any- 
way. Separate oxidation of the filtrates before the oxygen stage changed the situation 
significantly, i.e. cook-originating COD decreased from 23.3 to 5.5 kg/ADT pulp. 



According to a third preferred embodiment of the invention, the time between the blow 
of the cook and the oxygen stage feed is minimized to be less than 60 minutes, prefera- 
bly 15-50 minutes and most preferably 1 — 15 minutes. This allows for minimizing the 
time during which the pulp may be deteriorated under the effect of the oxygen of air, 

because the oxygen of air and the cod of the cook form radicals that have been seen to 

deteriorate the pulp. This kind of optimizing is preferable, even if the filtrates were not 
even oxidized. At the same time, care must be taken to ensure a sufficient washing effi- 
ciency in Order tO Obtain a low amount of cook-originating organic material when 
reaching the oxygen stage. The washing efficiency between the blow of the cook and the 
oxygen stage shall be more than 3 measured by Eio, preferably more than 5, most pref- 
erably more than 7* 
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To fulfill the requirement of high washing efficiency between the blow of the cook and 
the oxygen stage feed, the wash must comprise more than one stage. Because retention 
in alkaline conditions in the tanks is disadvantageous for the quality of the pulp, it is 

Preferable to effect tke multi-stage washing utilizing a single apparatus without interme- 
5 diate pumping of the pulp and with total retention of the pulp in all washing stages less 

than 3 minutes, The acceleration of the displacement so that the retention time per one 

washing stage is less than 1 .5 min requires that the pulp is being displaced through a 
cake having a thickness of less than 90 mm, preferably less than 70 mm. In this case, the 
impressions "more than one washing stage" or "more than one stage" are used to mean 

io also those partial washing stages, in which e.g. internal circulations of the DRUMDIS- 
PLACER® -washing drum have made it possible to generate internal circulation in ad- 
dition to the dosing of the washing water amount in order to improve the washing effi- 
ciency. For instance, in a l.X -staged washer comprises more than one washing stage, 
when X is between 1 and 9, said numerals included. Preferably the pulp is introduced 

1 5 from the blow to the washing as soon as possible so that there is no tank retention or it is 
1-10 minutes and the pulp is taken to the washing by means of the pressure of the di- 
gester or the whole washing is effected utilizing a single pump as described in the 
above. 

20 Naturally, the washing efficiency and the retention time of the P ul P walk hand in hand 

so that the longer the retention time, the greater the value E10 measuring the washing 

efficiency should be, To put it differently, when the retention time is in the range of 60 

minutes, the washing efficiency should be at least in the range on 10. With a retention 
time of 15 - 50 minutes, the washing efficiency should be at least 5, preferably of course 
25 greater, even up to ten. If the retention time is very short, i.e. 1-15 minutes, the wash- 
ing efficiency should even then be at least 3, preferably greater, even up to ten measured 
by Eio -value. 

A characterizing feature of the method according to a fourth preferred embodiment of 
30 the invention is that only a part of the filtrate of a washing apparatus is oxidized and led 
to a wash preceding the oxygen stage. In such a case, a fractionating wash, which may 
be effected also by means of a DRUMDISPLACER®-washer, is preferable. It is also 
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clear that in case when the washing apparatus is the above mentioned DRUMDIS- 

PLACER®-washer as a multi-stage modification, it is e.g. possible to treat the filtrate 
obtained from the last stage of said washer by oxidizing it prior to feeding it as Washing 
liquid into the last but one washing stage of said washer. 

5 

According to a fifth preferred embodiment of the invention, the filtrate system between 
the digester and the washing department is arranged with the aim of minimizing or to- 
tally preventing the mixing of air into the filtrate. This may be enhanced e.g. by ar- 
ranging the filtrate tanks of the washing department, at least one of them, to operate un- 
10 der overpressure. In this way it is possible to prevent the oxygen of the air from reacting 
with the cook-originating COD present in the filtrate. 

According to a further preferred embodiment of the invention, the pulp is led from the 
digester under the pressure of the digester up to the oxygen stage feed pump, whereby 
15 the pulp is subjected to as little of strong turbulence capable of deteriorating the fibers 
as possible. In some cases it would be possible to feed to pulp from the digester into the 
Oxygen stage even without any intermediate pumping stage, but most often it is inevita- 
ble to accept the use of mostly one pump between the digester and the oxygen stage. 

20 As seen from the above, a completely new kind of method has been developed for im- 
proving and enhancing the operation of the oxygen stage. Utilizing said method, it is 
possible to both decrease the chemical consumption of the oxygen stage and to essen- 
tially improve the quality of the pulp obtained from the oxygen stage. It has to be noted 

from the above, that the whole description is to be understood as a preferred example of 

25 the invention. Thus, it is completely possible that the method according to the invention 
may be accomplished even in may other ways, which nevertheless fall inside the scope 

of the invention determined in the appended claims. Accordingly, referring to tke 

wording of the claims, it is totally possible that the oxidation of the filtrates is per- 
formed as close to the cooking as possible or even in connection the so-called digester- 
30 wash, which also is in the scope of our invention. 



